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As you are aware, the RFOERD has conducted a Special Assessment by an RFO 
assessment team to verify the readiness status of the Building 91 0 Evaporator Sub 
pro-ject. The Special Assessment covered the disciplines of Project Management, 
Regulatory Compliance, FacilityEquipment Design, FacilityEquipment Opcrations, 
Facility/Equipment Testing 8: QA, Safety and Training. In addition RFO contracted 
with an independent contractor, HAZWRAP, to focus on the areas of Design, Test 
and Startup and Operations and to perform a limited Failure Modes and Effects 
Analysis (FMEA). The assessment has identified a total of 27 findings. Thesc 
findings have 27 recommended actions associated with their closures. The findings 
and closure actions are presented in Attachment 1. A preliminary draft of the 
H.4ZWRAP report is also provided. Attachment 2. The HAZWRAP draft report is 
being included to provide greater detail and background for the findings that were 
idenufied by that team. This HAZWRAP draft is to be used for reference only. 

Each of the findings have been grouped into one of four categories, Pre Hot S 3  Test 
Slart. Pre Operations Start, Post Operations and Observations. Those categorized as 
Pre Hot SO Test Start must bc closed out prior to the start of the Hot SO tcsting, 
likewise those categorized as Prc Opcrations Start must be closcd out prior to the 
commcncemcnt of full scalc opcrations, those catcgorized as Post Opcrations may be 
closcd out within a rcasonable period of time after the start of full scale opcrations. 
Those categorized as Observations can he acted upon 31 EG&G's discretion. Of thc 
L I closure actions. e i fh t  are designated as Prc Hot SO Test Start, nine are dcsignated 
zs Prc Opcrations Start, onc is designatcd as Post Opcrations and the rcmaindcr. nine, 
are classified as Observations. Draft copies of thcsc findings have alrcady bcen 
coordinatcd and fonvardcd to your staff. 

The EG&G Readiness Briefing to RFO is currently schedulcd to takc place on 
Tuesday, June 15, 1993, at 3:OO PM, in  the east (main) conferencc room, Building 
80 (interlocken). At this briefing, thc EGGrG Solar Ponds Remediation Program 
(SPRP) Officc will status thc disposition of thesc findings and present iu Evidence of 
Readiness Assessment to the RFO SPRP Office. If the RFO P r o p m  Oflicc ae (wes 
with the Evidence of Readiness and feels that the assessment findings have been 
disposi tioned satisfactorily, i t  will issue a Surement of Radincss lettcr, authorizing 
EGGrG to commencc Hot SO Testing. 
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If you have any questions or require further information please contact Scott 
Surovchak on extension 355 1 or Ernie O’Toole on extension 2699. 

&/N&y& f o r  

Frazer R. Lockhart 
Solar Ponds Remediation Program 

. Environmental Restoration Division 
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BUILDLNG 910 STARTUP PROJECT SPECJAL ASSESSMENTS FINDINGS 

Zliccklist no 
IS1 &334 

,ack of Q A  
luring fcstirig 

‘Ilie names of two ciiiployces, G. Seeley and G. 
Clcck arc not incliitlcd i n  tlic reports given as 
ohjcctivc evidence a1tliough they liavc i n  fact 
received the appropriaic [raining as evidenced by 
their inclrision in oilicr rcports. 

A review of llic icst procedures used as tlie 
ob.jcctivc evidence for [lie closiirc of Cliccklists # 
35,40,288,289,292 PC 293, indicatcs a lack of 
approval for real iirrie proccdure cliangcs, 
incomplete test steps, lack of succcss criteria atid 
missing data. 

Training Observation G&G should pass this inloniiatioii 
ropriate internal 

’rest & 
QA 

I’re llot SO EG&ti to sliow evidence as to  why 
Test Start. QA controls were not rcquircd for 

tlic pcrfonnancc of h e x  tests. 

-]cat Stress 

Jrinking Water 

I‘ripping I-iazard’l’licrc 

Induslrinl Salcty Division lias a conccrn tliat heat 
stress may be a problem for the operators who will 
he spcnding considerable time in the bascrnent 
during pcriods of operations, as tlicrc i s  only one 
cxliaust fan to provide ventilation. Ref. Cliccklist 
102 finding. 

Drinking waicr i n  plastic bottles arc storctl bcside 
tlie nitric acid tank. 

is a tripping hazard in  tlic basement near tlie 
hottoin of east stairs, a platform with approx. six 
inch’risc. Rcf. CIiccklisl 58 finding. 

Prt I 

1s * 

Is 

I’re EG&ti should provide cvidcncc t l in t  
Operations heat siress will not he a pt-oblciii for 
Start operators in  tlic bascment of B910. 

I’re 
Operations anotlicr location. 

EC;&ti should storc tlic waicr i n  

.. ._. 

I 

IS I’re 
Operations 
Slart 

Junc 1 1 ,  1993 

EG&G sliould elirniiiatc the tripping 
Iiazard. 

1 
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BUILDING 910 STARTUP PROJECT SPECIAL ASSESSMENTS FINDINGS 

wr L E 
'ond Water 
'roccss i t i  g 

Jiccklist ## 192 

;ell Assessinetit 
'roccss 

:loss 
:ontamination 
If Domestic 
:old Water 
Y i t h  Distillatc 

FJ N 111 N C: 
Althougli the processing oC pond watcr by WIO i s  
riot expected to be required, the capability to do so 
must be niaintaincd. Therc arc a number of tasks 
[hat would ncctl to be accomplished to do so, 
among tliesc lasks arc tlic preparation of thc nitric 
acid system, (lie connection of the pumps to the 
fccrllincs, evaliiation of tlic feed prcfiltcrs, 
scco n d a ry con la i n in c t i  t leak de tcc ti0 ti coin pcnsa t o r ; 
mcasurcs, ctc. 

'ilie cri tci'ia ol' # 192 stales " Docs evidence exist 
[hat shows tlic 9 10 solar pond pi-qjcct is in  
:ompliancc with pli111t sampling and analytical 
progradplans". *JIe objcctivc evidence to show 
compliance was scvcr-a1 pagcs of tlic IM/IRA. Thc 
proper closure should hc a coniparison of tlic actual 
product water sanipling plan, 22-PWSP-9 10-01 2 
with the rcqnirctncnts coiitainccl i n  tlic IM/IRA and 
w i t h pl a ti t , sa ni p 1 i n g a n d  a ti a 1 p t i ca 1 p rog ra m/p 1 a tis. 

I n  gcncral the scll~-nsscssnictil process cmployctl hy  
the SPRP focuses on process ~i1litlati011 rallicr than 
process implementation. The vast majority of thc 
chccklisls dc;rl will1 wlictlicr or not  a piccc of paper 
has had the proscribcd rcvicw and signaturcs rather 
than validating wlicllicr or not the piece of paper 
tias bcen iniplcmcntcrl propcrly. 

IW. P&IU H 393654107. 'Ilic distillatc is conncctec 
to thc dotncstic water liric with hack llow 
prcvcnlors. This is a potential soiirce of 
con tam i nation of the domcstic water sys tern. 

DISC 
re 
)perations 
tart. 

re liot SO 
est Slart. 

@scrvation 

re Hot SO 
'est Star 1. 

ACT1 ON/KES PONS IDILI'I Y 
IG&G is to prepare a plan and 
imeline,which details thc tasks to bc 
ccomplishcd to allow for the 
apability of processing pond water 
n Building 910. EG&G should also 
:evaluate it's previous testing of 11ic 
ystcm to assure that the system will 
Jork, as designed, i f  and wlicn 
ceded. 

G & G  sliould revalidate the 
liecklist by a comparison of tlic 
'roduct Watcr Sampling Plan to thc 
M/IR A and pl ant  rcqui renieii IS. 

IGkG shotlid revamp the sclf- 
sscssmen t proccss to focus morc on 
irocess implementation rather than 
alidating that tlic processes arc iri 
~lacc. 

i fix is already in work by EGXrC;. 
lG&G needs lo complete the work 
pecified under EO 35599 prior to  
lot so slnrlup. 

I 

.. . . . 

Jrine I I ,  11133 2 



IJUILDING 910 STARTUP PROJECT SPECIAL ASSESSMENTS FINDINGS 

'XY PE 
're llot SO EG&G is currently installing a sight 
'est Start. glass on llie EDTA lank under 

FD340. This needs to be coniplctcd 
prior to Hot SO test start up. 

A C1'1O N/H IS I'ON S 1 U 1 L 1'1 Y 

're 
)pcrations cnunciak [lie status of tlic watchdog 
itart 

IG&G sliall provide a iiicaiis to 

:ontroller lo the operator prior LO 
operational s la t us 

'os1 I1 is  recommended that EG&G placc 
Iperalions the PLC on house powcr and that all 

otlier instrumcnts and control circuits 
be placcd on house powcr. 

- 

- 

'I-I'I'LE 
;iglit Glass on 
IDTA Day 
'ank 

v a IC I1 d 0 g 
imcr 

'owcr to thc 
'LC 

>()E Ordcr 
430.1 A 
hrnpliancc 

lngine Cooling 
Vatcr Control 

I 

.Trine 1 I ,  1993 

F1 NI) 1 N G DISC 
Design 'l'lic EDTA tank has a high and low level sensor. 

During start up i t  will he difficult to monitor tlie 
liquid levcl because of large variations in ED'I'A 
rcquircnicnts. A sight glass nccds to he on the tank 
lo pcrmit the continuous monitoring of tlic EDTA 
Jcvcl. 

'llie I'r0gr;Iniinabk Logic Conlrollcr (PLC) 
proviclcd b y  Licon has a Watchdog Timcr, bu t  an 
indication oT its status is not rcatiily available LO the 
()pci.ators. 

I'ower to tlic Licon proviclcd PLC is provided by 
the u n i t  gcncrator. Shutdown or failure of the 
gcncrator can rcsult in tlie shutdown of tlie 
xaporators to an unkiiown condition. rccovcry 
from which could bc cxtrcmcly timc consuming and 
codd possi hly Icad to containination oT clcan 
systcrns or arcas external to the evaporators. 

Tlic Licon providcd cquipment docs not appcar to 
hc in compliance with DOE Ordcr 6430.1A in tlic 
arcas of Fail Safc Alarming, Positive Confirmation 
of Alarms and Alarm Testing, (Details are 
zontaincd i n  tlic attaclicd D R A l T  IJAZWRAP 

Ilcsi gn 

Design 

Dcsign 

rcport) . 

'I-he manual valve used on tlic cmcrit design ol  tlie Design 
cngine jacket cooling walcr must be constantly 
adjustcd by an opcrator during startup. 

I 

3 
. .  .. . . 

're 
)perations 
Itart 

)bscrvation 

EG&G is to: I )  cvaluate thc 
applicability of the Order to [lie off- 
tlic-shelf GFP Licon evaporators, 
and 2) evaluate the MAZWRAP 
concerns on their own nicrit and 
provitlc 1 cconitncndations Tor tlicir 
disposition. 

EG&G is to consider rctrofitting this 
systcm with an automatic systcm. 
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‘1’Y I’L 
’re llot SO 
‘est Start. 

)bscrvation 

’re Hot SO 
rest Start. 

7 
IS 13L)’I’A Feed 

A C’I J ON/lWS I’ON S 1 U I I, 1’1’ 1’ 
EG&G is to cvaluatc the currcnt 
design and provide evidence that 
[here is sufficient mixing 
downstream of the EDTA injection 
point to niitigntc the statc0 coiiccrns. 

Since the prcscnt operational plans 
for Building 910 do not call for thc 
use of tlic Nitric Acid Systcni, 
EG&G should factor thcsc 
observations into any future usc of 
tlic system. These itcms should be 
factored into rlic planning and 
timelinc required in Item # 6 above. 

E G W  will provide a leak free 
system by Hot SO Test Start or 
provide evidcnce that h e  Icaking Iin 
been mi nimizecd by providing dctai 1: 
of (he efforts conducted to eliminatc 
tlic leaks, a status or [lie current leak 
within each system, including the 
number of leaks, approxiniatc 
volumes of fluid leaking, llic 
typc(i.e. fcccl. distillate or hrinc) of 
nuid Icaking. EG&G will also 
provide a plan as to how and wlien i 
will achieve a leak frcc syztcin. 

I y s t em 

Fecd Systcni 

;ystcm Leaks 

June 11,1993 

I 7  . 

FIN 1) J NG 
‘Iic ED’1.A Iced system design does not follow the 
ianufacturcr’s rcconimcnded installation, in that 
IC system did not incorporate a “mixing tee”. 
liere is a concern that the systcni as dcsigncd will 
ot providc ;I Iioinogcncous mixture whicli could 
ausc excessive scaling. Thcrc is also a conccin 
iat if the mixture is not Iiomogenous, tlic EDTA 
urves t h a t  arc lo hc gcnci’;itcd during [lie 
!ualification Testing would not be adequate. 

LS dcsigncd, ilic Nitric Acid I‘ecd systcm docs not 
ave a double block and blccd system to prevent at 
ccidcntal discliargc during system repairs. Also 
ic monitoring of acid lcvcl i n  tlic tank would be 
niianccd by the installation of a sight glass. I n  
ddirion, P&iD W65-OI9 sliows a remote 
lowmclcr-pulscr, FE823. This FE has a 
ron7,c/hrass hotly. I t  slioukd be investigated to 
ctcrminc if i t  is suitable for the purpose intended. 

AI three evaporator systcriis have exper-icnccd 
umerous leaks a t  all types of joints and 
onncctions. EG&G has implcmcnted corrective 
ctions tliat are ncaring completion. It i s  not ccrtai 
t this point that a leak frcc systcm, required by 
:gulations will hc attnincd hy FIot SO Test start iq 

DJSC 
)csign 

Iesign 

ksign 

4 
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BUILDING 910 STARTUP PROJECT SPECIAL, ASSESSMENTS FINDINGS 

'i.YI'l3 
Ibscrvation 

're 
)pcralions 
;tart 

're 
)perations 
;tart 

lbscrvation 

A C'll ON/RES I'ON SIB I LI'I'Y 
EG&G sliould consider the use of 
the nitric acid system for treatment 
of the ITS fecd to help miinimize 
maintenance due to scaling. 

EGRtG sliould account for these 
multiple ineanings for thc alarnis 
within the opcrations procedures antl 
operator tra i ni n g . 

I'his PLC Logic should be brought 
under EG&G configuration control 

Eti&G may want to install purgc 
lines for these gages such that they 
do not have to be purged into the 
open. 

NO 'I'I'I-LE 
18 I1rcvcntative 

Maintenance 

14, Multiple 
Mcaning for  
Indica tors 

lesign 

lcsign 

FIND1 NC: I I~ISC 
'l'lic pcrforinance of thc MEMS stages over time 
requires some evaluation. The condensers could 
become a problem with scaling or fouling bccause 
of inadequate feed treatment. There is presently no 
provision for cleaning the contlcnscr tubes without 
removing the condenser from the system. 

13ccausc of the present power con1 iguration (Ref. 
ltcni # 12 alwvc) antl Ixxarisc tlicre arc no 
provisions for alarm testing or fail safe alarming 
(Ref. Item # 13 ahovc), each display indicator can 
have four possihlc inodcs: ( 1 )  nornial cncrgizcd 
state, (2) normal de energized stare, (3) burned-out 
light state, and (4) no power state. 

I 

20 PLC Ladder 
Logic 
Configuration 
Conuol 

21 Pressure Gage 
Instal lation 
Detail 

June 11 ,  1333 

. .  . .  

l'lic PLC Laddcr Logic has been i n  the hands of 
Licon up t i l l  now. There is at present no 
configuration control of the PLC Logic. 

'Hic pressure SiIECS for liquid service arc installed 
abovc the level of the liquid lines on the vapor 
comprcssor evaporator. I f  the units are down for a 
pcriod of time, air could enter the system, requiring 
purging. Purging the instrurncntation lines after 
start up  could expose the operators and the 
cnvi ronmcn t to con tam i n  ants w ti ich wou Id rcqu i Ie 
special precautions and increase maintenance time. 

PM 

Dcsign 

...., . . .  . .. . . . ... .. .. .. . . .  

I 

. .. .. . . . 
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' I$UILI)lSG 910 STARTUP PROJECT SPECIAL ASSESSMENTS FINDINGS 

NO '1' 1'1 'L li E' IN 1) 1 N G DISC '1'Y 1'E 
22 Signet Flow 'I'he signet tlow meters arc mounted vertically i n  the Design l're 

reconimcnds that tlicy be moiinted horizontal. 

Mctcr Licon system. Vertical mounting reduces the Operations 
Installation accuracy of tlic measurements. The manufacturer Start 

, 

23 I<cdundant ' I  here is no backup to generator electrical power, Design Observation 
Power and Air liousc clcctrical power or instrument air to tlie 
Systems evaporator systcni. 

24 Testing and 'l'lic calihi-ation ol' instnimcntation for tlic 'l'cst & Prc llot SO 
Test Start. Calihration of evaporator system has not been completcd. QA 

IPCC Syslerr1s 

25 Safety Hazard I t  was noticed that a pipc r x k  I-beam between IS Observation 
Generator 3 and Building 9 10 is mounted so that 
tall persons may hit their licads. 

26 Process ' I le  Process Qualil ication Proccdure, Document No 'Test & l're l lot SO 
Qualification EO 34575. Tlic I?AZWRAP assessincnt team has QA Test Start 
Proccdu re provided comnicnts to the above document. These 

comments arc contained in  pages 12 through 14 of 
(lie attached draft I-JAZWRAP report. 

27 Factors 'I'liat 'llie I-IAZWRAP asscssmctil team has provided Design Observation 
that could cnhancc tlic perPonnance of 

These comments are contained in 
of the attached draft NAZWRAP 

A C'l'l 0 N/l< IS PUN S 1 U I I, 1'1 Y 
This item has been discussed with 
thc EGRrG operations pcoplc and 
they have concluded that the 
accuracy of the measurcments 
emanating from tlicsc flow nictcrs 
does not impact efficient operation. 
EG&G slioitld document the rcasons 
why there is no impact. 

With tlic long startup tiines involved 
on restailing tlie units, i t  may he 
economically advantageous to hnvc 
redundant systcms in place for 
clectricity and instrument air. 

EG&G must complete the calibration 
of the cvaporator systems 
instrumentation prior to Mot SO Tcsl 
Start. 

EG&G slioiild cvaluatc the situation 
and deterniinc i f  the situation 
constitutes a safety hazard, and i f  so 
take appropriate action. 

EG&G shall review and incorporate 
or otlicrwisc disposition [lie attaclicrl 
:ommetits in conjuilction with the 
RFO SPRP program office. 

. 

EG&G should rcview and cvaluate 
tlie artaclicd coinnicnts and 
incoiporalc those that are practical 
and within the constrainb of prescnt 
.schedules and budgets. 

.June 11, 1993 

.. . . 
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June 7, 1993 

.-’Ernie OToole 

Building 910 Evaporators/Modular Tanks StartupRocky Hats Plant 

Hazardous Waste Remedial Actions Program ( H A Z W )  staff visited the site from May 11 
through May 14, 1993, and May 24 through May 2s. 1993. The first trip was undertaken by R. C. 
Chopra and S. J. Senatore to collect information and data. On the second trip, in addition to the 
two former staff members, R. Van Winkle, E R. Ruppel, and D. D. Holt also visited the site. 

Through discussions with Rocky Flats personnel during these visits, it was determined that the 
Scope of the Work assignment has been modified from what was originally envisioned. This 
modification is primarily because of the delay in receipt of notice to proceed and the resultant 
change in progress at the time of our arrival. 

Note that current plans for the evaporator trains no longer include processing solar pond water. 
Only interceptor trench water will be processed within the facility. T h e  nitric acid feed system 
intended to control pond feed water pH will not be needed and will not be tested as part of 
system startup. In the event that this changes, a procedure for checkout and startup of the nitric 
acid feed system must be developed and implemented. 

We have been asked to confine the review to design items that could hold up the start of the 
Qualification Testing and Operational Status. Similarly, the Failure Modes and Effects Analysis 
(FMEA) portion of the assessment is to be directed so that no single failure or  combination of 
two failures could lead to the deposition of feedwater into the raw water or  condensate systems 
and so that we may identify failures that could lead to excessive down time. 

A summary of the HAZWRAP Team’s initial obsenrations and findings at the site follows. 

IMMEDIATE CONCERNS 

0 C r w  Contamination OE Cooling Tower Water by Feed to the Evaporator 
The cooling tower blowdown: as presently piped, is sent to the evaporator feed for further 
concentration. The pressure in both lines is about the same. However, the flows could 
reverse, and the feed to the evapprator would get into the cooling tower circuit and 
contaminate the cooling tower system. It  has been proposed that the connection of the 
blowdown line to the evaporator feed be eliminated to avoid this possibility. We concur 
with this recommendation. 
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0 Cross Contamination at Concentrate Circulating Pump In the Multieffecv 
Multistage Flash Evaporator ( M E M S )  
The pump seals are lubricated with distillate. The  pressure at the seal is similar to the 
concentrate pressure inside the pump; therefore, backflow can occur and allow the 
concentrate liquid to bleed back into and contaminate the distillate system. All the pump 
seals are being replaced. The distillate will be monitored by a conductivity meter to detect 
cross contamination. 

0 Cross Contamination of Domestic Cold Water with Distillate 
See Piping 8: Instrumentation Diagram Distillate Distribution System drawing 
No. 39365-007. The distillate connected to the domestic water line with backflow 
preventer is a potential a source of contamination of the domestic water system. Normally 
an air break in the line is required for this type of application. 

Solution: Install a separate line to use the distillate as cooling tower makeup or 
provide a tank rather than one line as in the present arrangement. 

0 Metallic Cover O n  Control Box 
The startup of Licon gas engines requires close control between the engine cooling water 
flow and the recycle flow during the startup mode. Currently the m'anual bypass valve is 
beyond reach of the flowmeter. Safety requires the cover to remain closed except when 
reading the recycle flow. Therefore, it is difficult to respond rapidly in manually changing 
the recycle flow rate. The metal instrument cover is being replaced with a plexiglass cover 
to permit visual inspection without having to open the flowmeter; hence, a more rapid 
response can take place in manually controlling the recycle flow. 

0 Expansion Joint 
The flexible pipe connector between the engine cooling water and the engine is a short 
horizontal piece. This pipe is insufficient to absorb both shock resulting from vibrations 
and thermal expansion during startup or cooling down. A U-shaped expansion loop is 
being installed as recommended by Caterpillar. We concur. I 

0 Sight Glass on EDTA Day Tank 
The ethylenediaminetetraacetate (EDTA) tank has a high- and low-level sensor. During 
startup it is difficult to monitor the liquid level because of large variations in EDTA 
requirements. The  solution to this problem is the installation of a liquid sight glass on the 
tank to permit the continuous monitoring of the EDTA level. The sight glass is currently 
being installed. 

0 Natural Gas Venting 
The Final Safety Analysis Report, Building 910, EG&G Rocky Flats reports that a 
mitigating function to avoid natural gas accumulation in the generator enclosure because 
of a valve, pipe, or  connector leak during ignition, operation, or standby is the enclosure 
roof-mounted turbine exhaust fan. When we inspected the generator enclosure, we 
noticed that the turbine vent was taped over because it made the enclosure too cold for 

i.1 
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an operator during cold, winter operation. It is recommended that administrative controls 
be placed on not taping the turbine vent closed and that a more comfortable, heated 
environment be provided for the generator operator. 

Note: Unlike information reported at the assessment out-briefing meeting May 28, 
1993, the National Fire Protection Association (NFPA) code does not require 
double block and bleed valves for natural-gas-fueled generators; this requirement is 
for natural-gas-fueled industrial boilers. If a diaphra-em-operated fuel shutoff valve 
were used, the  NFPA code would require a bleed on the generator fuel line. 
However, a diaphragm-operated valve is not used; therefore, it is not necessary for 
the generator fuel line to contain a double block and bleed valve arrangement. 

0 Watchdog Timer on the Programmable Logic Controller 
The programmable logic controller (PLC) provided by Licon controls system interlocks 
and operating sequences. If the PLC is locked up, the interlocks and operating sequence 
Will not function. It is recommended that a watchdog timer be used on the PLC t o  notify 
the operator when the PLC has ceased to operate. The PLC does have a watchdog timer, 
and its status is available on  one of the PLC status indicators. However, this indicator 
status is not obvious to the operator. (The PLC is located behind closed cabinet doors.) 
It is recommended that either an alarm or shutdown be activated when the PLC watchdog 
timer activates. 

0 MFPA 37 Engine Protection Devices 
NFPA 37, Standard for the Installation and Use of Stanonary Combustion Engines and Gas 
Turbines, calls for the following engine protection devices on  engines of 100 horsepower 
or more: 

An automatic engine shutdown device for high jacket water temperature o r  high 
cylinder temperature, 

0 An automatic engine shutdown device for low lubricating oil pressure, 

0 An automatic engine shutdown device for engine overspeed, 

0 An automatic engine shutdown device for high lubricating oil temperature, 

0 Some means of shutting down the engine at a readily accessible location remote 
from the engine, 

0 A remote means of shutting off the fuel supply, and 

0 A remote means of shutting down lubricating oil pumps not directly driven by the 
engine. 

Some of these items were observed to be in place during our site visit, but the 

: I  
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NFF'A standard was not on hand at the time, so compliance with all the items was 
not addressed. Time has not allowed investigating all these items since our return, 
and some of the logic drawings on the system are faded. Therefore, compliance 
with all the items has not been confirmed. Please confirm compliance with the 

' 

standard. 

I '  

0 Power to PLC 
Having the PLC powered by the generator is a reliability concern. Power from the 
generator will not be clean. Although a power conditioner is used between the generator 
and the PLC, the conditioner will not be able to deal with interruptions in power. 
Microprocessor-based devices such as the PLC are susceptible to glitches in power, which 
can cause the PLC to lock up. An argument €or using generator power for the PLC is 
that, if there is a power failure, the process would shut down for lack of power and the 
PLC would not be needed because the system would shut itself down. However, the PLC 
is more sensitive than processing equipment, and it can easily lock u p  while the process 
equipment continues to operate. In addition, the failure mode of the PLC system outputs 
is not certain. Outputs to valves and other equipment could fail in either the energized or  
de-energized state; therefore, it is not possible to make the system failsafe for a PLC 
IocLwp. Unlike originally conceived, house power is now available for use by the PLC. 
Although spare 120-V circuits may not be available, a transformer to convert from 480 V 
to 120 V is available. It is recommended that, as a first step, the PLC be placed on house 
power, rather than generator power. As a second step, a11 other instrumentation and 
control circuits should be placed on house power. (See also section entitled T h e  Multiple 
Meaning for Indicators.) 

DEPARTMENTOFENERGY COMPLTANCECONCERNS 

0 FailSafe Alarming 
The standard accepted practice in industry for alarm fail safety is to have the alarm circuit 
energized (current flowing) in the normal state and to go to the deenergized state during 
the alarm state. In this manner, if a problem exists in the alarm circuit itself, the alarm 
will sound and notify the operator that a problem exists with that circuit. It does not 
appear that this failsafe alarm methodoloa has been adhered to in the Licon design 
(although it has been in the EG&G design). For example, see temperature switch TSH- 
806, compressor high oil temperature interlock, on drawing 39365-7401. T h e  temperature 
switch is shown normally open, which means that the circuit is open in the normal 
(nonalarm) state. If there is a break in this circuit, there is no indication to the operator; 
furthermore? the alarm would not actuate during the high-temperature alarm condition. It 
is recommended that the Licon-designed alarms be made consistent with the EG&G- 
designed alarms and use the failsafe alarm circuit methodology. 

0 Positive Conflnnation of Alarms 
DOE order 6430.1A, Section 1300-12.4.8, states that "Provision shall be made for 
maintaining personnel awareness of alarm conditions until they have been corrected o r  
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cleared. Clearing of the alarm shall require positive response from thz assigned 
personnel." It should not be allowed for an alarm to occur and clear itself. Most alarms 
on  the Limn system also cause a shutdown, so this in effect is a means of latching the 
alarm. However, there does appear to be nonshutdown alarms, such as the seal water low 
flow alarm on drawing 39365-7401, which alarms but does not shut down the system. It 
appears that this alarm can occur and clear itself with no positive response from the 
operator. (EG&G-designed systems feed into a Panalarm annunciator, which probably 
latches the alarm, thus requiring positive action by the operator. However, this was not 
confirmed during the site visit.) It is recommended that a latching circuit be installed such 
that all alarms require a positive response from the operator before being cleared. 

1 .  

0 Alarm Testing 
DOE order 6430.1A, Sect. 1300-12.4.8, references NUREG 0700 Sect. 6.3 for warning and 
annunciator systems. NUREG 0700, Sect. 6.3.4.1, calls for a test sequence for alarms. 
The Licon-designed systems do not appear to have an alarm test procedure. (EG&G- 
designed systems feed into a Panalarm annunciator, which probably has a test sequence, 
although this was not confirmed during the site visit.) Most but not all of the alarms on  
the Limn equipment will be in effect when the unit is started, and this will serve as a 
means to check alarm circuits during startup for those alarms that are in effect. However, 
the other alarms that are not in effect cannot be checked, and more importantly, there is 
no means for the operator to check any alarms when the unit is operating. It is 
recommended that an alarm test circuit, which can easily be activated by the operator, be 
installed on  all alarm systems. 

0 Human Factors 
DOE Order 6430.1A, Sect. 1300-12.2, states "Enhancements to the work environment and 
human-machine interfaces will reduce human error and its consequences and lead to 
increased productivity, lower costs, better product quality, decreased equipment and 
property damage, improved program schedules, personal job satisfaction, and, perhaps 
more important, to further improvements in the safe operation and maintenance of DOE 
facilities." 

Section 1300-12.4.1 states "The organization of operator movements and the 
arrangement and accessibility of equipment and controls in the work area shall 
facilitate convenient access to each system component for operation and 
maintenance." 

I 

The manual valve used in the current design of the jacket cooling water must 
constantly be operated by an action of the operator during startup. It is 
recommended that an automatic valve retrofit be considered for this application as 
well as any other means to lessen the operator's burden of starting up the 
generator system. 
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REVIEW OF OTHER ASPECIS 

I 0 Change Orders and Field Directives , 
I Approximately 240 Engineering Change Orders (COS) and Field Directives (FDs) 

were reviewed. These COS were issued to remove the then-existing equipment in 
Building 910, install new foundations and berms, correct dimensions, and provide 
electrical o r  mechanical technicians to the vendor for testing the equipment under 
the vendor's supervision. H A Z W  did not discover any CO that will 
significantly affect operation of the system. In general these FDs were concerned 
with rerouting of lines to correct for equipment interferences and dimensional 
errors. None were found that would adversely impact the readiness for operation 
of the System Operation (SO) test program if the work described was 
accomplished satisfactorily. A few FDs were to correct for miscellaneous 
deficiencies in items received from Licon. In  FD-203, the tubing material 
supplied for h o o h p  of the nitric acid pumps P-26A and B was unsuitable for nitric 
acid service but would be used in the SO test with water if acceptable replacement 
stainless steel tubing were not received before the test. 

HAZ%" does not certify the accuracyflegitimacy of the dimensions or the 
COs/FDs. H A Z W W  has looked at these FDs/COs from the point of view of 
suitability for use in the application. 

Use of Copper and Copper Bearing Alloys 
It appears that copper or copper bearing alloys have not been used anywhere in 
the facility except as pointed out below. 

The feed water into the evaporators is high in nitrates (1085.5 m@, Specification 
for a Portable Evaporator System). Nitric acid is used for adjustment of p H  in the 
feed water from a range of 11-12 to 7.5-8.0. Copper and copper bearing alloys 
are acceptable but not recommended for service in this application wherever the 
liquids can come in contact with the metals. As a good engineering practice, 
copper and copper bearing alloys should not come in contact with other metals 
such as stainless steel. 

P&ID 39365-019 shows a remote flowmeter-pulser, FE 823. This FE has a 
brokebrass  body and it should be investigated to determine if it is suitable for the 
"purpose intended." 

Degradation of PVC Material due to Radiation 
The maximum gross alpha and beta concentrations (pCi/L) reported are 2107 and 
886 respectively. These concentrations could go up by a factor of 25 in the 
evaporator bottoms. It does not appear that these concentrations will cause 
appreciable PVC degradation as a result of radiation. 
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0 EDTA Feed System 

Piping & Instrumentation Drawing 39365-019, Rev. B, April 2 1992 The 
concentrated E D T A  solution is being fed directly into the evaporator feed line. 
The manufacturer's recommended installation details do not appear to have been 
followed. No "mixing tee" is present, and no check valves are in the lines at the 
EDTA feed line connection. W e  concur with the findings (Observation number 9) 
of the Design Review Report, April 15, 1993. There should be a " m h n g  tee" or, 
as a minimum, a static mixer downstream of the injection point for proper 
distribution of the EDTA The EDTA feed system can be automated by 
installation of an in-line probe. This will be a system enhancement. 

0 Nitric Acid Feed System 
The system is used to adjust the feed pH when feed is from the solar ponds. The  
p H  is adjusted downwards in the range of 7.5 to 8. The nitric acid pH mixing tank 
D-56 has a total volume of 300 gal. It has a LAHH, LAH, LAL, and LALL on the  
tank. This single system feeds all three evaporator trains. Each train has a feed 
capacity of 13.3 gpm, providing a combined capacity of 39.9 gpm for'the three 
trains. T h e  pH mixing tank has a holdup time of 7.5 minutes. 

The  liquid level should be more closely monitored during system startup and 
during system treatment than is possible with the existing level indicators. It would 
facilitate monitoring if a liquid level sight gage were installed on the D-56 tank. 

Piping & Instrumentation Drawing 39365-020, Rev. 4 March 30,1992 A double 
block and bleed system is usually provided downstream of the pump discharge to 
avoid any accidental discharge during pump or other system repairs. It is also 
desirable to be able to bleed down the system to avoid static concentration ot' 
nitric acid in the system piping when the evaporator system is not in operation. 

0 Threaded Connections Between Dissimilar Materials 
It is not considered good engineering practice to have threaded connections 
between dissimilar materials in applications of this nature. Because of the 
difference in thermal expansion rates, joints between PVC and metal pipes are 
prone to leak. Ail threaded connections between dissimilar materials should be 
changed to  flanged connections with full-face gaskets using a P V C  flange on  the 
PVC pipe. 

, 

During our visit during the week of May 24, 1993, it was observed that all 
threaded connections between PVC and stainless steel are being changed to 
flanged connections, This should eliminate most of the leaks that have been 
observed during the past run. 

0 Gcnerator Units 
The jacket cooling water flow is essential for engine operation. Entrapped air o r  
reduced cooling water flow (below 120 gpm) can cause overheating and engine 



Rocky Flats Evaporators 
Page 8 
June 7,1993 

DRAFT 

seizure. The  procedure for venting of air in the jacket cooling water circuit must 
be carefully reviewed. The impact of potential failure of the cooling water 
circulation pumps (P-3004 on each train) during operation must also be reviewed. 
A failure modes and effects analysis (FMEA) has been prepared on this flow 
circuit, and a detailed analysis will follow. 

0 

The jacket cooling water supplied from the multieffect/multistage flash evaporator 
(MEMS) proceeds through the heat recovery silencer then returns to the E M S  
electric heater HC-3008. This heated water then flows to the Stage 1 concentrate 
heat exchanger and returns either directly to the expansion tank D-3007, or  if 
some added cooling is required, passes first through the engine flat plate auxiliary 
cooler E-3003. This exchanger is cooled by the auxiliary cooling tower located 
outside Building 910. The expansion makeup tank D-3007 is also fed from the 
engine jacket water for venting through PSV 825. It is this flow circuit, with the 
bypass around the concentrate heater and the auxiliary cooler, that must be 
carefully monitored. 

No pump is shown in the aftercooler flow circuit; however, the turbocharger has 
its own water circulating pump. The turbocharger can readily fail without cooling 
water because of overheating expansion and rubbing. 

Note that a slight gas leak inside the engine enclosure can become disastrous if the 
enclosure turbine exhaust fan fails to operate. A natural air enclosure ventilating 
cycle should be provided for safety. 

MultieffexMdultistage Hash Evaporator Trans~p 750 
The MEMS system operates in the following manner. Concentrate from the vapor 
compressor (VC) enters the Stage 2 flash chamber at about 35,000 ppm total 
dissolved solids (TDS). The flash chamber operates at 170°F. T h e  vapor 
generated in Stage 2 is condensed in the second-stage condenser. The reject is 
pumped through the Stage 1 condenser and heated additionally in the concentrate 
heater by the engine cooling water. This reject is then fed to the Stage 1 flash 
chamber. T h e  vapor generated in Stage 1 is fed to the first-stage condenser. The 
distillate is fed to second- and third-stage condensers for heat recovery. At each 
stage, the feed to that stage is heated by the stage vapor condensing and the 
distillate from the preceding stage. The Stage 3 feed is made u p  of the reject from 
Stage 2 and from the Stage 3 reject which is reheated by the Stage 2 condenser. 
The reject from Stage 3 can also be pumped into the basement sump (concentrate 
tank). The feed to Stage 4 is recycled through Stage 4 after the Stage 4 reject is 
reheated in the Stage 3 condenser. Some Stage 4 reject goes into the concentrate 
tank. The  vapor produced in Stage 4 is condensed in the Stage 4 reject condenser 
by cooling tower water. The pond water feed goes through the feed heater then 
goes to the VC unit. The feed heater is supplied by some vapor from the Stage 4 
flash chamber. T h e  condensate from this feed heater goes to the distillate tank D- 
400s. 

..  I 

' I  : . I  
' I  

!' 

!. 
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Difficulty has been experienced in preventing leakage of the reject flo1.v~ at the . -  
circulating pumps on each stage. The primary cause appears to be the alignment 
of the motor to the pump itself. Some degree of misalignment causes the seals to 
wear excessively. An improved alignment kit is very desirable to minimize this 
problem. T h e  pumps have also been dry for an extended period which has 
probably caused the seals to dry out and leak. There are many water leaks where 
PVC or chlorinated polyvinyl chloride (CPVC) piping is screw-threaded into steel 
piping. The  large difference in thermal expansion between steel and PVC piping 
during the heatup or  cooldown cycle is a root cause of this leakage. (The 
threaded connections with dissimilar materials are being changed to flanged 
connections as of May 28, 1993.) 

The performance of MEMS stages over time requires some evaluation. T h e  
condensers could become a problem with scaling or  fouling because of inadequate 
feed treatment. There is no provision for cleaning the condenser tubes without 
removing the condenser from the system. Because the system is under vacuum, 
sources of inleakage must be monitored and controlled or condenser fouling will 
occur. 

0 Vapor Compression System 
The primary concern with the vapor compression system is the heat transfer 
performance of the VC-500 evaporator with time of operation. The  vapor 
generated in the evaporator is supplied to the vapor compressor after passing 
through the demister. Some distillate from the distillate tank D-4001, after passing 
through the feed heater and the distillate cooler, is sprayed into the evaporator 
vapor being fed to the Roots Compressor. Normally the liquid is used to  
desuperheat steam at the compressor discharge. The system design indicates that 
in this case the liquid is, instead, sprayed at the inlet of the VC. The  manufacturer 
does not want any superheated steam in the compressor and, therefore, wets the 
steam at the inlet. Wet steam being fed to the compressor can cause erosion of 
the compressor rotor. The compressor should be monitored for this possibility. 

The compressor work can be calculated knowing the enthalpy of the steam 
entering and discharging from the VC. Thus, if the steam flow rate is known, the 
efficiency of the V C  can be estimated using the electrical input to the compressor 
drive. The motor efficiency must be accounted for in calculating the V C  input 
power. This calculation should be made.occasionally to monitor the V C  efficiency. 

The V C  discharge enters the condenser tube area between the titanium tube and 
the plastic bayonet insert. As the steam proceeds down the length of the tubes it 
condenses, giving up its latent heat of vaporization, causing boiling of the feed 
water in the evaporator. The condensed steam distillate returns to the incoming 
tube bundle end through the inside of the bayonet and then drains into the 
distillate tank. 

! 
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Steam generated in the evaporator, which surrounds the condenser tube bund1e;is 
fed to the VC inlet. The preheated incoming feed from the MEMS condensers 
goes to the concentrate tank D-6001 and is also sprayed into the top of the 
evaporator to enhance vapor generation and to prevent scale buildup on  the 
condenser tubes above the liquid level. Depending on the amount of flooding 
attained by the spray, scaling or fouling of the tubes could occur, and the tubes 
could become less efficient as a result of the accompanying deviation from the 
designed heat transfer coefficient (U) value. 

The possibility of fouling the condenser tubes increases as the concentration 
increases in the D-6001 tank. Level controllers regulate the concentrate in Tank 
D-6001. When the concentration reaches a predetermined level, the concentrate 
is drained to the concentrated brine storage tank in the basement . The 
concentrate level in D-6001 is maintained with the incoming feed from the MEMS. 
Any accidental overflow in the tank will result in drainage into the basement sump. 
The blowdown from the VC-500 evaporator goes to the MEMS second-stage inlet 
at a concentration of about 35,000 ppm total dissolved solids (TDS). 

Using the concentrate tank D-6001 as both the feed stream and reject increases 
the hazard of evaporator fouling. This design cannot be changed with the existing 
equipment; however, caution is advised. A program should be established for 
monitoring the overall heat transfer coefficient of the titanium tube bundle. 

I 

IN!YIXUh4ENTATION AND CONTROLS COMMEN?s 

0 Multiple Meaning for Indicators 
Without a means to test indicators, it has to be assumed that an indicator that is off means 
the equipment is not on. But because power can be off to the indicator, it can also mean 
that no power is on to the indicators. Therefore, each generator-powered panel display 
indicator will now have four possible modes: (1) normal energized state, (2) normal 
deenergized state, (3) burned-out light state, and (4) no power state. Implementing the  
recommendation in the section entitled Power to PLC will reduce the possible modes to 
three and implementing the recommendation in the section entitled Alarm Testing will 
provide a means to determine whether an indicator is burned out. 

, 

Generator Battery 
A couple of references were found to the generator battery being dead before system 
testing. When the system is not used on a regular basis, this can be expected to happen, 
especially in the cold climate of Colorado. It is suggested that, if sporadic usage of the 
generators is expected in the future, some type of permanent battery-charger circuit be 
installed. 
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0 Alarm Response Procedures 
Alarm response procedure 4-22ARP-101-hEMSl page 5, calls for checking PLC channels 
13, 21, and 2 in the event of a high-temperature alarm. This should probably refer to data 
scanner channels 13, 21, and 2. Status of inputs to the PLC should not be considered part 
of an operator's normal routine, because it takes a trzined person to perform this either 
by obsening the PLC hardware or by connecting a personal computer to the PLC and 
observing the ladder logic status. 

0 PLC Ladder Logic Configuration Control 
PLC ladder logic has been in the hands of Licon up until now. There should be a 
documented configuration control procedure at Rocky Flats once the code is officially 
turned over to the plant. 

e Pressure Gage Installation Detail 
Pressure gages for liquid service were noted and they are above the level of the liquid 
lines on the vapor compressor evaporator. It is necessary to purge these lines of bubbles 
when the units are first started up. As long as the vapor compressor evaporator is not 
drained, it is not necessary to purge these lines. If the vapor compressor were under 
repair, the system were drained, it is assumed that the system will be purged with domestic 
water before startup. Purging the gage lines with pond water would expose the operator 
and operating area to the pond water. It may be necessary to install special purge lines 
for these gages such that they do not have to be purged into the open. 

e Signet Flow Meter Installation Detail 
The Signet paddle flow meters are mounted vertically. The owner's manual recommends 
not doing this. It says "Vertical mounting of the flow meter runs the risk of having either 
air bubbles or  sediment interfere with the continuous action of the paddle wheel." Side 
mounting is most desirable. 

e Redundant Power and Instrument-Air Systems 
There is no backup to generator electrical power, house electrical power, or  instrument air 
to the evaporator system. With the long startup times involved in restarting the unit, it 
may be economically advantageous to have redundant systems in place for electricity and 
instrument air. 

0 Testing pH control system 
It was mentioned that a good method to test the pH control system is needed. Placing 
the pH probe in a few solutions of differing pH values, as described to us by plant 
personnel, will check the control action, but not necessarily the controllability of the 
system as a whole. If nitric acid can be used on a temporary basis, i t  could be used to test 
the controllability of the p H  adjustment system by feeding domestic water to the unit and 
putting a set point of -pH 6 on the pH controller. This test would test the controllability 
of the system as a whole, with all parts of the system in use. T h e  resulting water could be 
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disposed of in the plant sewage system. However, this test requires the use of nitric acid 
on site, and it appears that this is not feasible at this time. 

e Testing and Calibration of I&C systems 
Confirmation of instrumentation and alarm inputs has been addressed in the RocLy Flats 
test procedures. Calibration of instrumentation is proceeding but was not complete as of 
the time of our visit on May 24-28, 1993. Calibration of pH probes, pressure indicators, 
and thermocouples was complete. Alinost all conductivity elements had been calibrated. 
Pressure switches, flow meters, and density probes were to be calibrated the following 
week 

0 Safety Hazard 
A pipe-rack I-beam between Generator 3 and Building 910 is mounted so that 
persons who are more than about 6 f t  tall may hit their heads on the exposed 
beam. This should be reviewed. 

COMMENls ON SPECIFIC REPORTS AND PROCESS 

procesS Qualification Procedure for Building 910 Portable Waste Treatment Evaporator, April 30, 
1993. 

e Acceptance Criteria 
Section 8.0 ACCEPTANCE CRITERIA reads (in part): 
"Evaporators shall be operated using Pond and Mod Tank water -- It shall be 
demonstrated that the evaporators can produce acceptable quality distillate, less (than) 150 
mhos, at an acceptable rate, 750 gph." 

' 

This cntena statement is incomplete because it  does not define values (or range of values) 
expected for the concentration of product concentrate (brine), nor for the amount of heat 
from natural gas required per unit of throughput (heat rate, Btu/lb feed). 

I 
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The feed raze is supposed to be 750 gph. T h e  disnllare rate has not been specified, but 
will be a function of the feed concentration and flow rate and of the concentration of the 
product concentrate (brine). Table 1 from Ref. 5 of the Heat and Mass Balances 
document list gives flow rates and concentrations of the product streams for a blowdown 
brine concentration of 400,000 ppm with 6600 Ibhour of feed at three different 
concentrations. 

Table 1 

Feed Water Conc, ppm 3,600 7,600 13,000 

Concentrate to MEMS, ppm 9,778 20,642 33,309 

Blowdown brine flow, lbhr  60 125 215 

MEMS Distillate flow, lbhr  2,370 2,305 2,2 15 

VC Distillate flow, lbbr  4,170 4,170 4,170 

Total Distillate flow, lb/hr 6,540 6,475 6,385 

The heat rates in the two most recent Limn flow diagrams References 5 and 6 of 
the Heat Balance List were 277 Btuflb and 238 Btuhb, respectively, (18.3 and 
15.75 therms per hour for 750 gaUday). None of these values are from actual tests, 
so it remains €or the forthcoming tests to observe the actual gas consumption. T h e  
smaller values apply to the Florida tests when the  feed temperatures were high. 

APPENDIX 

Evaporator Operation Data Sheets (pp. 14-17) 

E M S  C O h m O L  PANEL DATA POINTS (27 POINTS), p. 14 
Each item listed should include instrument number and units. 
Item 25, Density, presently reads hertz, which is a function of density. If 
possible "hertz" should be converted to conventional density units within 
the instrumentation and read as such at the panel board. 
Item 26, "Cond. CT", should have a more understandable name, such as 
"Concentrate conductivity" ? ) 
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.. MEMS INDICATOR PANEL DATA POINTS (13 items), p. 15 

Should include instrument number and units 
Space should be provided to record both instantaneous and totalized values 
for flow and integrated flow (gpm and total gallons) for all 

(FQI) readings. 

V C  CONTROL PANEL DATA P O I h J  ( 27 POINTS), p. 16 
- Instrument number and units needed for each item 

V C  Indicator Panel Data Points (8 items, presently), p. 17 
Instrument number and units needed 
A new flow indicator (FI) number should be assigned for the new feedline 
from the discharge of the regenerative heater (E4005) into the side of 
EVlOOl (Evaporator vessel), and included as item TI-nnn Feed Water 
(Side)". 

Item called PRESSURE doesn't appear to.be recorded in the tests thus far. What 
is it for? 

MISC. DATA 

GENERATOR DATA POINTS 
Flow rate (of what), gpm? 
Add a reading for totalized flow of natural gas. 

FACIORS THAT WlLL REDUCE THROUGHPUT 

0 Scale formation 
Remedy--descale when throughput is reduced by a given factor (10 to 20%) by 
reducing pH to about 3.5 using sulfamic acid. Perhaps the nitric acid system could 
be used with sulfamic acid, in the absence of other provisions for descaling. 

Avoid frequent shut downs because scaling tendency is greatest during negative 
temperature swings. 

0 Dissolved gas in feed 
Dissolved gas in feed more than likely is a real problem when high alkalinity pond 
feed is neutralized by nitric acid. There is no provision for venting 
noncondensibles from VC500. It would be advisable to install a vent line from just 
upstream of Mv2004 at the top of the distillate plenum of VC500 to the vent line 
from the Stage 2 condenser (CD1010) at MV2024, sized to vent up to about 5% 
of the steam that enters the tube bundle of VC500. 
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e .. Low feed water temperature 
It has been demonstrated at Rocky Flats in tests using domestic water that 
distillate production is about 20% lower using feed water at about 50°F than the 
rates observed at higher temperatures (80" to %OF, Ref. 4, Miscellaneous 
Documents, and undocumented data from System 1 on  April 21, 1993, and from 
System 2 on March 31, 1993). 

Feed water temperatures in the Florida tests were in the range 92" to 106"F, and 
the distillate outputs were 793, 728, and 760 gallonshour, respectively in Systems 
1, 2, and 3. Nominal feed rates of domestic water were 6600 lbhour. The  existing 
feed heater arrangement using E6004 is almost worthless. If reduced throughputs 
under winter conditions are unacceptable, a new feed heater should be installed, 
possibly using engine jacket water as heat source-about 300,000 Btuhour would 
be required. 

0 High concentration Boiling point elevation (BPE) 
BPE losses at the expected concentrations may result in about a 10% reduction in 
throughput from the values observed using domestic water as feed. 

0 Frequent shutdowns 
Frequent shutdowns will reduce plant availability and increase unproductive use of 
natural gas, and perhaps increase fouling rates. 

If you have any questions, please contact us. 

e High cooling water temperatures 
If the cooling tower proves inadequate to maintain the cooling tower sump 
temperature below, say, %OF, the flashing range in MEMS will be reduced 
because of higher vapor temperature in the reject condenser, which will reduce the 
MEMS output of distillate, and increase fuel requirements. 

Randhir C. Chopra, 831 TCB, (615)435-3438 

cc: D. B. Campbell 
D. C. Caudill 
G. S. Dinstch 
D. D. Holt 
F. R. Ruppel 
S. J. Senatore 

' J. H. Wilson 
R. Van Winkle 
R C  
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ATTACHMENT DOCUMENT LIST 

PROCEDURES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Component Check-out and System Operation Test Procedure for Building 91 0 Portable 
Waste Treatment Evaporator, Feb. 12, 1993. 

4-22PEP-910-004 Evaporator Feed System, April 20, 1993. 

4-22PEP-910-009 Concentrate System, April 1, 1993 

4-22ARP-101-CIA-1108 Ponds Leak Detector Alarm Response, April 15, 1993. 

4-22ARP-101 -ANN Building 91 0 Annunciator Panel A lmn  Response Procedures 
I 

4-22ARP-101-AA910 Building 91 0 A l a m  Annunciator Panel Alarm Response Procedures 

4-22ARP-101-VC Building 910 Unit Evaporators Vapor Compressor (VC) Alarm Response 
Procedures 

4-22ARP-101-MEMS Building 91 0 Unit Evaporator Multiple Effect Multiple Stage 
(MEMS) Alarm Response Procedures 

4-22ARP-101-MCP Building 91 0 Main Control Panel Alarm Response Procedures 

Temporary Modular Tank Installation SO & CC Test, August 4, 1992. 

Component Check-out and System Operation Test Procedure for BuiZding 910 Portable 
Waste Treatment Evaporator, February 12, 1993. 

Process Qualification Procedure for Building 91 0 Portable Waste Treatment Evaporator, 
April 30, 1993. 

MxscEwLANEous 

1. Rocky Nars Plant Solar Evaporation Ponds Remediation Project (OU-4) Design Review 
Report, April 15, 1993. 

2. Standard for Piping Material Specificanons, April 31, 1993. ! '  

3. Test Plan for the Bldg. 910 Evaporators and Associated Tanks, J.D. McKaig, December 17, 



. I  

Rocky Flats Evaporators 
: Page 17 DRAFT 

Juie 7, 1993 

. _  
1992. 

4. Summary of Results of LICON Start-up of 910 Evaporators, J.D. McKaig, February 11, 
1993. 

HEAT AND MASS BALANCES 

1. 

2. 

TRANSVAP 750--Aquavap VC500 Heat Balance, October 4, 1990. 

Heat Balance for Average Conditions--TRANSVAP 750 MEMS 704 Rated 250 GPH, 
October 5, 1990. 

3. TRANSVAP 750 Heat Balance Proposed for Rocky Flats, October 4, 1990. 

4. Engine Cooling Water Arrangement (for two engines running and one standby), October 10, 
1990. 

5. Flow Diagram TRAhTSVAP 750, Rev. 2 (with heat balance), March 14, 1991. 

6. Licon Transvap 750 Total Energy System Evaporators Heat Balances During Acceptance 
Tests, Bob McElroy, March 25, 1992. 

I 

b 



DRAFT 

Y /EN - 50 1 7 

Rocky Flats Plant Building 910 
Evaporators Precursory Failure 

Modes and Effects Analysis 

Performance Engineering 
Dirk D. Holt 

June 4, 1993 

I.. 

!" 

I . .  

. .  
:. 

!:. 
1 

. .  
! .  

! 



I ' ,  DRAFT 

This report was prepared as an account of work sponsored by an agency o f  the 
United States Government. Neither the United States Goverrment nor any agency 
thereof, nor any of their employees, makes any uarranty, express or implied, or 
assumes any legal liability of responsibility for the accuracy, completeness, 

or usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately ouned rights. Reference 
herein to any specific cmercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply 
its endorsement, reconmendation, or favoring by the United States Government 

nor any agency thereof. The views and opinions of  the authors expressed herein 
do not necessarily state or reflect those of the United States Government nor 

any agency thereof. 



DRAFT 

INTRODUCTION 

This analysis examined the Rocky Flats Plant Building 910 Evaporators. A functional flow 
block diagram of the  process is shown in Figure 1. T h e  portions of the process that were  examined 
in this analysis are presented in solid boxes while the  portions that were not examined are.presented 
in dashed boxes. Please note  that an arrow from o n e  box to another represents the transfer of  
something from that subsystem to the other - it does not indicate the number of items transferred 
or  t he  number of pathways for transfer. 

OBJECITVES OF ANALYSIS 

This analysis is concerned with the failures of the  Rocky Flats Plant Building 910 Evaporators. 
The failures of concern a re  1) single failures and/or combinations of two failures that could lead to 
deposition of feed water into the raw water o r  condensate systems, and 2) failures that could lead to 
excessive down time (i.e. several months). This analysis considered common mode failures for  t he  
Building 910 evaporators utilities - the  electrical distribution system (LO), t h e  fuel gas system (3.0), 
t h e  instrument air system (9.0), the domestic water system (21.0), and the  process control system 
(22.0). The remaining sections of the Building 910 evaporators were considered at  a subsystem level 
of inquiry. 

I RESULTS OF ANALYSIS 

There are  two results to this analysis. T h e  first is the failure modes of concern for  t he  
Building 910 evaporators. This have been noted in the  analysis. Most of these failure a re  r a re  d u e  
t h e  scarcity of the  failure(s) occurring. However, a few of the failure of concern are  either d u e  to 
operation or  can affect the  entire plant. T h e  operational failure modes of concern are  the  opening 
of t he  valves hW7005, 1CCV353, 2CCV353, or  3CCV353. The failure that can affect t he  ent i re  
plant is leakage from the distillate into the domestic water supply. 

T h e  second result of this analysis is its usage as a screening document for areas requiring 
more  analysis. Those subsystems that do  not appear to have single point failure modes would not  
benefit with a failure modes and effects analysis a t  the  component level. Those with single point 
failure modes would benefit with a failure modes and effects analysis at the  component level, s ince 
this would reveal which components would be need backup. 
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Rocky Flats Plant niiiltl ing 910 Evapnrntnn 
Prccursory I:ailurc Modcs and Elfccts Analysis 

Date: June I, 1933 

ragc I 

Prepared by: D. D. I 4 o l t  

Numbcr ltcm Failure Mode Effcct on System Remark  

1.0 Elccfrictl distribution Gcncntor o r  trans- May rcsult in loss or clcclr iAl  power to tlic train 
system fornier failiirc 

Possiblc singlc point failure niodc of conccrn - may slrut down 
tlic train until replaced or repaired (if possible) 

Tlicrc arc no known failure modcs or tlic equipment  hat can rcsult in one or rnorc of tlic trains being down for months or mixing distillate with 
conccnlrnlc 

. .  2.0 Fccd system 

3.0 Fuel gas system Eqiiipmcnt lcnkagc May rcsrilt in an cxplosion at an ignition source l’rohable singlc point failiirc rnodc - explosion probaldy will 
shut down one or  more trains lo r  months 

1.0 Cooling watcr system I.oss of cooling Ilcqiiirca citlicr 1) drain valvc failc opcn. 2) cold tcinpcratiircs Drain valvc railing npcn nnd/or cooling tnwcr punip(s) 
and fnilrirc of tcmpcraturc sensor, tcrnpcratiirc sw-ilcli, o r  failurc(s) arc singlc point failurc nimics of conccrn 
Iicntcr, 3) cqiiiprncnt lcakc and loss of coolant makcrip (one of 
tlircc clicck valves fail closed, air operated valvc fails clnsccl, o r  
loss of air supply). or 4) cooling lower pump(s) failure(s) 

Tlicrc arc no known failurc modcs o l  tlic cquipmcnt tliat a n  rcsiilt in  one or morc of tlic trains being down for months or mixing distillate with 
conccnlralc 

5.0 D n i n  system 

6.0 Distillatc system Equipment leakage Spill of distillate product; Sol’ rcqiiircs that the spill be trcntcd TIC affected section may not be able to bc isolalccl; tlic 
as il i t  w’crc tccd matcrial; Sol’ rcquircs that thc proccss trains always-empty-lliird-tank will not he ahlc IO rcccivc product 
hc shut clown until tlic leaks arc stopped or  avoitlcd from the alfcctcd section 

Cross leakage bctwccn Loss of distillate product and creation of dilutcd conccntratc 
concentrate and distil- prodiict - rcquircs: 1) distillate hOV(s) lcakagc from proccss 
lntc strcam(s) to air linc(s), 2) loss of air prccsurc, and 3) lilccd 

from a i r  linc(s) throligli concentrate diapliragrn(s) nntl/or 
AOV(s) to proccss strcam(s) 

. . . . . .. 
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Prcpared by: D. D. 1 loll D Date: June 4, 1393 

Niimhcr ltcni Failiirc Motlc Effect on System Remarks 

7.0 Distillate distribution Eqiiipmcnt lcnkagc 
systcm 

Spill o f  distillale product; SOP rcqitircs that thc spill be trcatcd 
as i r i i  wcrc fcccl material; SOP rcquircs tliat  lie proccss trains 
bc shut down until the leaks arc stopped or  avoidcd 

Crnss leakage bctwccn Loss of  distillate product and crcalion o f  diluted conccnlrale 
concenlratc and rlislil- product - requires: 1) distillate AOV(s) lcakagc Crom process 
talc strcani(s) to air linc(s). 2) loss of a i r  prcssure, and 3) blccd 

from a i r  linc(s) through conccntratc diaphragm(s) and/or 
AOV(s) lo proccss sIrcam(s) 

Leakage from distil- 
late into domestic 
watcr supply 

8.0 Conccntratcd brine Equiprncnt lcakagc 
syslcm 

Crnss lcnkagc hctwccn 
conccntratc and distil- 
late 

Contamination o f  tlomcstic watcr supply with distillatc product 
- rcqiiircs commnn failure of lhrce (3) chcck valvcs and 
AOV 10G3 either fails or commandecl opcn 

Spill o f  concentrate product; SOP rcquircs tliat the proccss 
trains bc sliut down until the leaks arc stopped o r  avoided 

I-oss of cnnccntratc prodiict and production o l  off-spec distil- 
late product - requires: l )  concentrate diaphragm(s) leakage 
and/or AOV(s) lcakagc from proccss slrcam(s) lo a i r  line(s), 
2) loss of  air prcssiirc, and 3) Idcecl frnin air linc(s) tliroiigli 
distillate AOV(s) to process slrcam(s) 

Failure motlc of concern that c i n  arfcci llie cntirc plant 

U 
II 
B 
-n 
-i 

Lcakagc from domes- Dil l i t inn of conccntratc product - rcquircs Icakagc through or Single point Dec?:(i8ri .. . . . . . . . . . . . . . . . . o r  failure modc of concern 
tic water sitpply i i i to iniprnpcr npcning of hand valvc MV700.5 
conccntratc 

9.0 lnstnimcnt air system There  arc no knnwn lailiirc motlcs or thc cqiiipmeiit ll int can rcsiilt in onc or  more of tlic trains k i n g  down lor  mnntlls nr mixing tlistillatc with 
concenlratc - the cquipmcnt can bc rcplaccd by commercial air compressors 
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ragc3  . , 

Prcparcd by: D. D. Ilolt 
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Number Iten1 Fail ti re Mode Effcct on Systcrn Remarks 

10.0 Unit I vapor/cnm- I’iimp seal(s) cross Eitlicr 1) loss of distillate product antl crcation of dilutcd Single point failure modc o f  concern 
. prcssor distillcr/con- Icakagc bctwccn coii- concciitrntc product o r  2) loss o l  conccntratc Iiroclucl aiitl 

ccntrator centrate aiitl tlislillntc production of off-spec distillate product 

Fccd hcalcr cross Eitl icr 1) loss of distillate product antl crcation or diliitcd Single point failurc modc of concern 
leakage Iiclwccn con- conccntrnlc product o r  2) loss of conccntratc product and 
centrate and distillate production o l  off-spec distillate product 

Rcgcncrativc Iicatcr Eitlicr 1) loss of distillate product and crcation of diliitcd Single point failure niodc of conccrn 
cross lcakagc hclwccn conccntratc product o r  2) loss o f  conccntratc product and 
conccntratc and distil- production o I  off.spcc distillate product 
late 

Distillate tank drain- Spill of distillate product; SOP rcquircs Ilia1 the spill bc trcatcd Single point Iailurc modc of concern 
age valvc leakage IO as i f  i t wcrc lccd marcrial; SOP rcqitircs that the process train 
sump Ix shut down until the lcak arc stoppcd or  avoided 

Dislillate tank drain- Rcquircs failure o r  opcrator disrcgard o l  the lcvcl high alarm 
age spillage to sump antl opcrator disrcgard o r  forgctting of distillate product 

rctnoval; spill nf distillate protliict; SOP rcquircs that i l ic  spill 
Ijc lrcatcd as i f  i t  wcrc fccd matcrial; SOP requires that the 
proccss train be sliut down 

11.0 Unit 2 vnporkom- Failurc modes and cffccts annlysis is similar to 10.0 
prcssor distiller/con- 
cent rator 

12.0 Unit  3 vapor/com- Failurc modcs and cffccts analysis is similar to 10.0 
prcssor distillcr/con- 
ccntralor 

U 
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Prcparcd by: D. D. I40 l t  

Number Item Fnilurc hfotlc E fcc t  on System Remarks 

13.0 Unit 1 mttlti-cffccts Pump scnl(s) cross Eitlicr I )  loss of distillate product and crcntion of diluted Singlc point failure mode of conccrn 
multi-stages flash lcnkngc hctwccn con- conccntratc product o r  2) loss of conccntratc product and 
plant ccntrate and distillate production of off-spcc distillate product 

....................... ;.:.y..> 
Solcnoid opcrated Loss of concentrate product and production of off-spec distil- Single point ~,@c$~lIon or  failure mode of conccrn 
valvc ICCV353 opcns late product 

Fccd licatcr cross Eitllcr 1) loss of distillntc product and crcntion of dilittcd Single point failure mode of conccrn 
Icnkngc Iwtwccn con- conccntratc product o r  2) loss of conccntratc product and 
ccntratc nritl tlistillatc production of off-spcc clistillntc product 

Conilcnscr(s) cross Eil l icr 1) loss of distillntc prodiict and crcntion of dilutcd 
lcakagc Ixtwccn con- cnnccntrntc product o r  2) loss o f  concentrate product and 
ccntratc and distillnte production of olf-spcc distillate product 

Conccntrntc hcntcr Eithcr 1) ICFS of distillate product and crcntion of dilutcd Single point failurc mode of conccrn 
cross lcnkagc hctwccn conccntratc product o r  2) loss o f  concentrate product and 
conccntratc anti distil- production of off-spec distillatc product 
lntc 

Singlc point failure nloclc of conccrn 

14 .  

Distillate tank tlmin- Spill or distillntc protlitct; SOP requires that  the spill IJC trcntcd Singlc point failurc mode of conccrn 
agc vafvc lcnkagc to as if i t  wcre fccd mntcrial; SOP rcquircs tliat thc proccss train 
sump bc shut down until the leak arc stopped o r  avoided 

Va por /co i i ip rcssor  Rcquircs check vnlvc TV-43G MV203.5-1 to fail opcn and valvc 
fcctl lcakagc to distil- lCCV488B to fail opcn 
late 

Vapor 
failurc 

supprcssinn \Vi11 rcsitlt in  damage to tltc gcncrntor and tlicrcforc loss of  Single point fnilurc mode of conccrn . will S ~ I I I  down thc train 
clcctrical powcr to tlic train unti l rcplacctl o r  rcpiircd (if pnssiblc) 

IJnit 2 mi i-cffccts Failitrc motlcs aitd cffccts nnnlysis is similar to 13.0 
multi-stages flash 
plant 
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Number rrcm Faailurc Mode Effcct on System Ilcmarks 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 

21.0 

22.0 

Unit 3 mrilli-clfccts Failure modcs and clfccts analysis is similar to 13.0 
multi-stages flash 
plant 

Unit 1 engine system Eqiiipmcnt Icakagc Rcqiiires linc lcakagc o r  leakage tliroiigli tlic two control valvcs; Probable singlc point failure mode - explosion prohahly will 
may rcsiilt in an explosion since ignition sources exist in (tie shut down one o r  more trains for rnontlis 
coni pa rl nicnt 

Aftcrcoolcr fnilirrc 

Failure modes and cffccts analysis is similar to 16.0 

May rcsult in ovcrlicating and thcrcforc damage of llic engine Possible single point failure mode of cnnccrn 

Unit 2 cnginc system 

Unit 3 engine systcm Failurc modcs and cffccts analysis is similar to 16.0 

Chemical injection 'flicre arc no known failure modes of the eqiiipmcnt Ilia1 can rcstrlt in  one or more of tlic trains being down for months or  mixing distillalc will1 
system conccn I ra tc 

pl l  atljiistmcnt system l l i e r c  are no knnwn failure nioctcs of the eqiiipmcnt that can rcsiilt in  onc or  more o l  tlic trains k i n g  down for months o r  mixing distillate will1 
concentrate 

Donicstic water sys- I h c r c  arc no known failiire modes of tlic equipment that a n  rcsrilt in one or  more o l  the trains being down for months or mixing distillatc witli 
tcm conccntratc 

Processcontrol system PLC failure 1,oss of production unti l repaired or  rcplaccd Possible single point failure mode of concern 
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